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(57) ABSTRACT 

An apparatus for accelerated Weathering testing specimens 
including discharge lamps as a concentrated light source for 
accelerating the deterioration of color, composition and/or 
structure of test specimens. Improved control calibration 
structures and methods of operation are also included. The 
test module to monitor the Weathering test process from an 
improved location, detecting irradiance in the manner in 
Which the specimens are exposed to such irradiance. The test 
modules are mounted in a pocket formed Within the door for 
the test chamber such that the sensitive electronics of the 
modules are not exposed to the harsh environment Within the 
test chamber, resulting in an exceptionally stable signal. 

14 Claims, 15 Drawing Sheets 

222 

206 



U.S. Patent Mar. 29,2005 Sheet 1 0f 15 US 6,872,936 B2 

FIG. 1 
(Prior Art) 



U.S. Patent Mar. 29,2005 Sheet 2 0f 15 US 6,872,936 B2 

200 

’ r216 D U 

\ 

M914 N 214 

FIG. 2A 



U.S. Patent Mar. 29,2005 Sheet 3 0f 15 US 6,872,936 B2 

wmw 



U.S. Patent Mar. 29,2005 Sheet 4 0f 15 US 6,872,936 B2 

300 

CONTROLLER I PA ' 

308 

FIG. 3 



U.S. Patent Mar. 29,2005 Sheet 5 0f 15 US 6,872,936 B2 



U.S. Patent Mar. 29,2005 Sheet 6 6f 15 US 6,872,936 B2 

m at 



U.S. Patent Mar. 29,2005 Sheet 7 0f 15 US 6,872,936 B2 

FIG. 6 
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ACCELERATED WEATHERING APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a divisional of application Ser. No. 
10/097,707, ?led Mar. 15, 2002 US. Pat. No. 6,720,562 
entitled “IMPROVED ACCELERATED WEATHERING 
APPARATUS”, having as inventors, Rajen Rathod and 
Richard D. Donato. 

This application claims the bene?t of US. Provisional 
Application No. 60/280,796, ?led Apr. 2, 2001. 

FIELD OF THE INVENTION 

This invention pertains to an apparatus for accelerating 
the Weathering effects on test specimens, and more 
particularly, to an accelerated Weathering apparatus having 
discharge lamps as a concentrated light source for acceler 
ating the deterioration of color, composition, and/or struc 
ture of test specimens Which includes improved control and 
calibration structure and methods of operation. The pre 
ferred embodiment of the present invention for testing 
specimens uses ?uorescent ultraviolet lamps as the light 
sources that approXimate natural sunlight in the ultraviolet 
portion of the spectrum and the deterioration caused thereby 
and Will be described With particular reference thereto. 
HoWever, it Will be recogniZed that other discharge lamps 
may be used as sources, the primary eXample being Xenon 
lamps or any other source. 

BACKGROUND OF THE INVENTION 

Aconventional testing apparatus using discharge lamps as 
shoWn in FIG. 1 has eight ultraviolet lamps 10 provided in 
a test chamber 12 and arranged into symmetric doWnWardly 
divergent roWs When vieWed in cross-section. Specimens 14 
to be tested are attached to tWo opposite specimen support 
ing Walls of the housing of the test apparatus so as to face 
inWardly toWard the lamps and receive the irradiance there 
from. In the machine shoWn, there are tWo specimens, an 
upper specimen and loWer specimen; hoWever, there may be 
only a single specimen or more than tWo. The rear surface 
of the specimens 14 is eXposed to the atmospheric air outside 
the machine. Outside air is heated and bloWn into the interior 
of the chamber 12 to regulate the temperature in the chamber 
12. Water in the moisture supply tank 16 is heated by 
conventional means and evaporated to supply moisture into 
the chamber 12. 

In the above-described testing machine, one eXample of 
the machine’s operation includes applying irradiance rays to 
the specimens 14 at a temperature of 60° C. for siXteen hours 
and then the lamps 10 are turned off and the interior of the 
chamber 12 is kept at 50° C. to create humidity for eight 
hours. These tWo steps, Which constitute one cycle of a 
deterioration testing operation, are repeated continuously. 
While the lamps are off, the humidity in the chamber 12 is 
high, and the rear surface of the specimens is eXposed to the 
outside air at a loW temperature. Accordingly, the surfaces of 
the specimens are Wetted due to condensation. Thus, the 
Wetting of the specimens, the applying of ultraviolet 
irradiance, and the drying are repeated, Which speeds the 
deterioration of the specimens. It is to be appreciated that the 
above description is just one type of cycle for Which 
machines of this nature can be used. 

Problems, hoWever, eXist With the apparatus shoWn in 
FIG. 1. Initially, there is no provision for sensing the output 
of the ?uorescent lamps 10, in order to track their rate of 
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2 
degradation or control the irradiance output. A normal 
procedure for attempting to provide a uniform output from 
the lamps, in such a device, is to rotate the positions of the 
lamps at predetermined time intervals in a predetermined 
sequence. Testing of the lamps to detect actual output is not 
provided; rather, assumptions are made as to the likely 
output, and the rotation sequence is made in consideration of 
the assumptions. 

Another draWback of this type of device is that there is no 
provision for conditioning the lamps during start-up and 
operation. Accordingly, the life of the lamps is compromised 
and the accuracy of any test is skeWed. There is also no 
ability to calibrate the irradiance emitted from the lamps. 

Various attempts have been made to improve on the 
above-noted draWbacks of the conventional testing appara 
tus shoWn in FIG. 1. Among these is an apparatus from Atlas 
Electric Devices Company, called Atlas Ci35 FADE 
OMETER®; an apparatus from Heraeus called 
XENOTEST® 1200 CPS; US. patent to Suga, US. Pat. No. 
4,544,995 issued Oct. 1, 1985; US. patent to Kockott, et al., 
US. Pat. No. 4,544,995 issued Apr. 27, 1971; and US. 
patent to Fedor et al., US. Pat. No. 5,206,518 issued Apr. 27, 
1993. 

The Atlas device is arranged for use With a Xenon arc lamp 
and includes a closed loop irradiance monitor as its primary 
light control system. The monitor, using a light pipe, inter 
ference ?lter and photosensitive diode feeding into solid 
state electronics, maintains predetermined irradiance levels 
and totaliZes the energy received by the samples through an 
integrator. This device is also equipped With manual irradi 
ance controls for use When periodically calibrating the 
system. 
The apparatus from Heraeus is also directed for use With 

Xenon arc lamps. This device employs three light detectors 
to detect the output of three individual Xenon arc lamps. 

A conventional apparatus including elements of these tWo 
above-discussed devices includes discharge lamps, Which 
can be of a Xenon type, that are vertically disposed. A ?lter 
surrounding the discharge lamps is provided to alloW only 
desired Wavelengths of light to pass. Sensors are provided to 
sense the output of the vertically positioned discharge lamps, 
and a rotating specimen holding rack is positioned to 
encircle the discharge lamps. Each of the detectors is pro 
vided to detect the irradiance produced from a respective 
discharge lamp over time. The rotating specimen holding 
rack rotates the specimens located in the specimen holding 
rack. The sensors are provided to track the output of the 
discharge lamps, and the rotating specimen holding rack 
attempts to provide each of the specimens With an average 
overall equal amount of irradiance. Inner Walls are used to 
direct re?ective light of the discharge lamps outWard to the 
specimens. 
Another device, employing ultraviolet lamps in an 

arrangement similar to FIG. 1, is knoWn to include a single 
sensor. HoWever, in such an arrangement it is necessary to 
match the characteristics of the lamps prior to placing them 
in such a device. This is required since the sensor Will sense 
only the lamps closest to its location. Thus, the sensor Will 
assume the lamps placed distant from it are operating the 
same as the lamps it actually senses. 

The Suga patent attempted to improve on the prior art 
device shoWn in FIG. 1 by adjusting the alignment of the 
roW of discharge lamps 10 of FIG. 1 into a nonsymmetric 
arrangement. The discharge lamps 10 are not disposed 
immediately beloW each other. Rather, they are in a speci? 
cally positioned arrangement. This Was done in Suga in an 
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attempt to provide irradiance to the samples 14 With a more 
uniform distribution. 

The Kockott, et al. patent is directed to a device using an 
elongated source of irradiation inside a cylindrical carrier 
surface. Kockott, et al. discloses three approaches to provide 
a uniform distribution of irradiance to the samples. First, 
mirrors are arranged to re?ect usable light; second, a light 
source is designed to increase light intensity at its ends; and, 
third, collimating discs are used to inhibit divergence of the 
radiation emitted from the source. 

The Fedor et al. patent is directed to an apparatus similar 
in structure to the apparatus shoWn and described in FIG. 1 
Which has an improved light output controller and light 
beam distribution in the test chamber. Fedor et al. discloses 
an apparatus including a housing With a test chamber and a 
specimen supporting Wall located inside of the chamber. A 
light source is provided in the test chamber. A ballast 
arrangement is connected to the light source for controlling 
the amount of poWer the light source receives from a poWer 
source. Acontroller is connected to the ballast arrangement, 
to produce a ballast control signal for controlling operation 
of the ballast arrangement according to a desired set-point 
value. A light source detector is disposed Within the speci 
men supporting Wall in order to detect irradiance eXisting in 
the test chamber so the light source detector can generate an 
irradiance signal, Which is then input to the controller. The 
controller uses the irradiance signal to adjust the ballast 
control signal to maintain the selected set-point value. A 
calibration portion includes a reference detector inserted into 
the specimen supporting Wall adjacent the light source 
detector, Which is designed to detect the irradiance inside the 
test chamber and to produce a reference irradiance signal. 
The reference irradiance signal is transmitted to a calibration 
meter, Which produces a calibration signal. The calibration 
signal is transmitted to the controller for calibrating the 
apparatus. 

The Fedor apparatus also includes a barrier Wall located 
Within the test chamber. The barrier Wall is con?gured to 
selectively block and divert beams of light produced by the 
arrays of light sources. The blocking and diversion of the 
beams occur in a pattern selected to increase an even 
distribution of the beams to the specimen supporting Wall. 

The Fedor apparatus still further includes a plurality of 
concurrently-operating, automatically-adjusted control 
channels for controlling output of the individual light 
sources. The channels control the output of at least one of the 
light sources. 

While the above-discussed references provide some 
improvements upon the conventional apparatus discussed 
above, draWbacks still eXist. 

With particular attention to the Atlas and Heraeus devices, 
it is noted that both use a rotating specimen rack arrange 
ment. This rack is necessary for a very basic reason. The 
Atlas device includes a monitoring system that monitors the 
overall output of the Xenon arc lamp in order to attempt to 
maintain a predetermined total irradiance output level over 
time for the entire system. The Heraeus device uses three 
sensors to control the three different lamp’s output over 
time. These sensor arrangements are used to produce an 
irradiance that is constant over time. HoWever, neither of 
these devices use a sensing arrangement to make irradiance 
constant over space. 

Both of the devices use a rotating specimen rack in an 
attempt to achieve spatial uniformity. Therefore, spatial 
uniformity is accomplished by having the specimens in the 
rotating rack revolve around the lamps, so the effective light 
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4 
dosage received by each specimen is an average of the 
different irradiances at each point on the circumference of 
the sample plane. Though rotating the rack increases 
uniformity, it also increases the compleXity of the device by 
requiring a motor and associated rotation mechanisms. 

Thus, even though these devices include irradiance sens 
ing capabilities, they implement these capabilities only for a 
consistent output over time, not space. Due to the geometry 
of the devices, there is a different irradiance at every point 
around the circumference of the sample plane. Therefore, 
areas that are located in front of a discharge lamp Will have 
a high irradiance area While samples that are at a position 
distant from a discharge lamp Will receive loWer irradiance. 
Rotation of the rack attempts to produce an overall average 
uniformity of irradiance impinging upon samples. 

The knoWn ultraviolet system using a single sensor 
includes the draWback of needing to match the lamps being 
used in the system. This requires eXtensive testing of the 
lamps prior to use. A further draWback is that in such a 
system, When a lamp located distant from the sensor location 
burns out or degrades, the decrease in its output Will not be 
sensed. This is true as only the nearest lamps are actually 
sensed and an assumption is made that the remaining lamps 
are functioning in a similar manner. 

The Suga patent attempts to increase the uniformity of 
light impinging upon specimens by moving the center tWo 
lamps aWay from the samples to increase uniformity of light 
to the samples from top to bottom. A draWback of such an 
arrangement is that it is not possible to easily retro?t eXisting 
Weathering devices to gain Whatever improvement there 
may be from the Suga arrangement. 
A draWback to the Kockott, et al. patent is that it is 

directed to single lamp systems. Another draWback to 
Kockott, et al. is that it increases the compleXity and cost of 
the apparatus. 
A further draWback associated With the conventional 

testing apparatuses as discussed above is their calibration. 
These devices require manual manipulations by an operator, 
Which in turn means the operator is required to make 
decisions that are critical to proper calibration. Since the 
operator is responsible for making decisions While manually 
re-calibrating the apparatus, the accuracy of the calibration 
Will be dependent upon the skill of the operator. 
Additionally, since the calibration is accomplished 
manually, extended doWn time occurs during such calibra 
tion and there eXists a substantial possibility of inaccuracies 
due to operator error. 

The Fedor patent attempts to automate the control and 
calibration procedures for the testing apparatus. The control 
concurrently monitors a plurality of sensors disposed Within 
the specimen supporting Wall and controls each separate 
channel individually. To calibrate the individual sensors, the 
operator opens the door and installs a reference sensor 
Within the specimen supporting Wall inside the testing 
chamber immediately adjacent the individual sensor. The 
calibration procedure unfortunately introduces a great deal 
of operator error. The operator must manually select the type 
of lamp and the location for each calibration position. A 
disadvantage of this calibration procedure is that the opera 
tor must bypass the safety system Which further introduces 
error into the reference sensor readings. Furthermore, the 
operator is eXposed to harmful ultraviolet radiation. 

Fedor also attempts to control the distribution of the light 
beams Within the chamber by placing a barrier Wall betWeen 
the arrays of lamps. A draWback of such an arrangement is 
that the individual sensors and reference sensor are installed 
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Within the specimen supporting Wall. In this location, the 
sensors are exposed to all of the Weathering effects that are 
Witnessed by the test specimens. Accordingly, the sensors 
deteriorate When used With this apparatus, thereby introduc 
ing error into the tests. Another drawback is the ballast used 
to control poWer to the lamps. Fedor discloses the use of 
only conventional ballasts, in Which a signal is sent to the 
ballast to increase or decrease poWer from the ballast. 

A still further draWback of the Fedor apparatus is the use 
of a concurrent control algorithm, Which results in a biased 
sensor reading. As a result, the measured value of irradiance 
is inaccurate. Therefore, the control system has an error bias 
and the test results cannot be trusted as accurate. 

Therefore, there is a need for an improved accelerated 
Weathering apparatus that has an improved sensor location, 
unbiased sensor readings, improved control and calibration 
methodology and improved ballast construction and opera 
tion. 

The subject invention contemplates a neW and improved 
accelerated Weathering apparatus that overcomes all of the 
above referenced problems and others and provides an easily 
operated, reliable testing structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the course of this detailed description, the reference 
Will be frequently made to the attached draWings in Which: 

FIG. 1 is a conventional testing apparatus using discharge 
lamps in accordance With the prior art; 

FIG. 2A is a partial front elevation vieW of an improved 
accelerated Weather testing apparatus in accordance With the 
present invention; 

FIG. 2B is a detailed perspective vieW of a tank portion 
of the accelerated Weather testing apparatus of FIG. 2A; 

FIG. 3 is a diagrammatic illustration end vieW of the 
accelerated Weather testing apparatus shoWing the features 
of the control channels in accordance With the present 
invention; 

FIG. 4 is a top perspective vieW of a test module in 
accordance With the present invention; 

FIG. 5 is a bottom perspective vieW of the test module in 
accordance With the present invention; 

FIG. 6 is a top perspective vieW of a calibration module 
in accordance With the present invention; 

FIG. 7 is a bottom perspective vieW of the calibration 
module in accordance With the present invention; 

FIG. 8 is a How chart diagram shoWing the sequential 
control for light sensor modules in accordance With the 
present invention; 

FIGS. 9A—H are ?oWcharts illustrating operation of the 
system controller user interface in accordance With the 
present invention; 

FIG. 10 is a ?oWchart illustrating the calibration proce 
dure in accordance With the present invention; 

FIG. 11 is a partial cross sectional vieW of an apparatus 
embodying the present invention. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT OF THE INVENTION 

FIG. 2A shoWs a partial front elevation vieW of an 
improved accelerated Weather testing apparatus 200 in 
accordance With the present invention. The apparatus 200 
includes an enclosure 202 having at least one door 204 for 
access to a test chamber 206 de?ned Within the enclosure 
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6 
202. Only one door 204 Will be discussed herein. HoWever, 
it Will be recogniZed by those of skill in the art that another 
door disposed in opposition Will be identical in form and 
function. The test chamber 206 is generally de?ned by a tank 
disposed Within the enclosure 202. A specimen mounting 
apparatus 208 (best shoWn in FIG. 11) is disposed Within the 
test chamber 206 for supporting specimen holders 210. A 
jack 205 is disposed on the enclosure 202 for interfacing 
With a plug to doWnload data acquired and stored in the 
apparatus 200. The jack may be any structure Which pro 
vides the desired interface characteristics. For example, a 
RS485, RS232 or any other suitable interface may be used. 

In this embodiment, each specimen mounting apparatus 
208 includes a top rail and a bottom rail collectively de?ning 
a specimen supporting Wall. The bottom rail is located at a 
?rst or outer position in the tank adjacent the pivot point of 
the door 204. The top rail is located at a second or inner 
position in the tank aWay from the top of the door near the 
center of the chamber 206 such that the mounting apparatus 
is de?ned on a plane inclined to the vertical axis. The 
specimen holders 210 are positioned on each specimen 
supporting Wall for exposure to light, heat and liquid in an 
accelerated Weathering environment. The specimen holders 
210 are aligned side-by-side on the specimen supporting 
Wall in a substantially continuous manner. One specimen 
holder is not installed thereby creating an opening 216 along 
the specimen supporting Wall Which cooperates With a 
pocket 218 formed in the door 204. Accordingly, When the 
door 204 is closed, sensors 220 mounted in the pocket 218 
are exposed to the light source 212 for accurate irradiance 
detection. 

Alight source 212 is disposed Within the test chamber 206 
for producing light in the test chamber 206. In this 
embodiment, the light source 212 is shoWn as a plurality or 
array of lamps. In this embodiment, the plurality of lamps 
are disposed in ?rst and second roWs, each having four 
lamps. It Will be recogniZed by those of skill in the art that 
the arrangement, con?guration and number of lamps may be 
altered Without departing from the present invention. The 
light source 212 is selected from the group of lamps that 
generate ultraviolet light in the UV-A, UV-B and UV-C 
ranges. For example, the lamps may be ?uorescent, xenon or 
any other suitable type of lamp. 

A poWer source (not shoWn, see FIG. 3) poWers the light 
source 212. For example, the poWer source may include 
standard commonly available 110V or 120V, single phase 
poWer or any other suitable poWer source such as 220V, 
240V, 440V, multiphase poWer as required. Protection exte 
rior doors 214 may also be provided in connection With the 
enclosure 202 to protect the enclosure 202 during lengthy 
test procedures. A control panel 216 provides an operator 
interface With the operating system as Will be discussed in 
further detail beloW. 

FIG. 2B is a detailed perspective vieW of the tank portion 
222 of the accelerated Weathering testing apparatus of FIG. 
2A. The tank portion 222 is a cabinet-style enclosure With a 
pair of doors 204 on opposing sides de?ning an interior test 
chamber 206. A light source is disposed Within the test 
chamber 206 and a poWer source poWers the light source 206 
as discussed above and Will be described in detail beloW. The 
tank portion 222 further includes an internal frame and 
exterior mounted panels 224. 

A ?rst door 204 is pivotally mounted to opposing side 
panels 224 and is in opposition to the second door (not 
shoWn), Which is pivotally mounted to the side panels 224. 
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As shown, only the ?rst door 204 is illustrated, the second 
door is identical in structure and function. Accordingly, only 
the ?rst door 204 Will be discussed beloW. The door 204 
provides access to the test chamber 206. A recessed pocket 
218 is formed in the door 204 in a generally medial location 
such that a recess is provided on the exterior surface of the 
door 204 so that a test module (not shoWn, but described in 
detail beloW) and calibration module (not shoWn, but 
described in detail beloW) may each be interchangeably, 
removably disposed Within the pocket (as Will be discussed 
in further detail beloW). A pair of vertically aligned test 
modules (not shoWn, but described in detail beloW) are 
removably disposed in each pocket 218 for detecting irra 
diance in the test chamber 206 produced by the light source 
and generating an irradiance signal representative of the 
detected irradiance, so that the test modules are not the harsh 
environment of the test chamber. 

The test modules (not shoWn, but described in detail 
beloW) include a test sensor 226 Which is inserted into an 
aperture 228 formed in the pocket 218 at a location corre 
sponding to the light source to detect irradiance in the test 
chamber 206 produced by the light source. The test modules 
are arranged to detect different spatial areas of ?ve specimen 
mounting apparatus. The test sensors can take any form Well 
knoWn in the art such as, for example, an optical photodiode. 

The ?oor of the pocket 218 is inclined to the door 204 and 
de?ned in a plane parallel to the plane de?ning the specimen 
supporting Wall. As a result, the ?oor of the pocket 218 is 
immediately adjacent to the specimen supporting Wall and 
specimen holders 210 disposed thereon; hoWever, there is no 
contact betWeen the pocket 218 and the specimen mounting 
apparatus 208, or specimen holders 210. When the door is 
closed, the inclined ?oor of the pocket 218 locates the sensor 
226 equally betWeen adjacent lamps and Within the mount 
ing apparatus opening 216. HoWever, it Will be noted that 
this con?guration may be modi?ed such that the pocket 218 
may be offset to one side or the other as necessarily required 
by the structure of the remainder of the accelerated Weath 
ering testing apparatus. The shape, depth and contour of the 
pocket 218 preferably corresponds to the con?guration of 
the lamps in the test chamber. 

One test sensor 226 per pair of lamps provides accurate 
irradiance detection in accordance With the present inven 
tion. The pocket 218 is shoWn to have a generally triangular 
shape When vieWed from the side, such that the back 230 of 
the pocket 218 is disposed aWay from the pivot of the door 
204 and eXtends into the test chamber farther than the front 
232 of the pocket 218 adjacent the pivot of the door. The test 
sensor 226 includes a standoff or projecting portion and an 
input, Which are used as a light pipe for transferring lamp 
irradiance to the test module mounted outside the test 
chamber 206 in the pocket 218 of the door 204. The test 
sensor 226 may also include an optical ?lter Which permits 
passage of light having a certain Wave-length. The door 204 
has a small handle at the top to aid in opening and closing. 

The tank 222 de?nes the test chamber 206 Where the 
environment can be manipulated by introduction of light, 
heat, and moisture. The plurality of apertures 234 in the end 
panel 224 of the tank 222 are for the lamps. Similarly, a 
plurality of apertures is present in the opposing end panel of 
the tank. Electrical connections for the lamps are made 
outside the test chamber to avoid any corrosion that Would 
introduce error into the control system resulting in inaccu 
rate test results. 

A temperature sensor 236 generates a temperature signal 
representative of the temperature Within the test chamber 
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8 
206 and transmits the temperature signal to a controller 
(discussed in detail beloW) in order to maintain the desired 
irradiance Within the test chamber 206. The temperature 
sensor 236 may be con?gured to replace a specimen on a 
specimen holder 210 or alternatively a smaller version may 
be used. The smaller version requires an alternative speci 
men holder 238 Where the temperature sensor 236 is dis 
posed betWeen tWo specimen apertures 240. It Will be 
recogniZed by those of skill in the art that any suitable sensor 
con?guration may be used to generate a temperature signal. 
In this embodiment, the temperature sensors are black body 
sensors Which generate a signal responsive to the tempera 
ture Within the test chamber 206. 

FIG. 3 shoWs a diagrammatic illustration and vieW of the 
accelerated Weathering testing apparatus shoWing the fea 
tures of the plurality of automatically adjustable control 
channels in accordance With the present invention to sequen 
tially control output of the array of light sources. In this 
embodiment, each of the four separately adjustable control 
channels includes a ballast 302, each of Which functions 
identically, and thus only one Will be discussed, four test 
modules 310, 312, 314 or 316 and a controller 308. The test 
modules 310, 312, 314 and 316 each include a plug 328 
Which interfaces With a receptacle 330 disposed in the 
pocket 318 in order to connect the controller 308 and the test 
modules 310, 312, 314 or 316 such that the controller 308 is 
automatically connected to the test module 310, 312, 314 or 
316 When the test module 310, 312, 314 or 316 is disposed 
Within the pocket 318. 

Each ballast 302 is connected to at least one of a plurality 
of light sources 304 for controlling the amount of poWer 
received by the light source 304 from a poWer source 306. 
The control channel also includes a controller 308 connected 
to the test modules 310, 312, 314 and 316, the temperature 
sensors 318 and 320, the control panel 322 and the ballasts 
302 for generating a ballast control signal, Which controls 
operation of each ballast 302. 
A test sensor 324 included With each of the test modules 

310, 312, 314 and 316 has a linear slope of responsivity in 
the ultraviolet range to detect irradiance in a test chamber 
326. The test modules 310, 312, 314 and 316 generate an 
irradiance signal representative of the detected irradiance 
produced by the plurality of light sources 304 Which is 
transmitted by a transmitting device disposed Within the test 
module 310, 312, 314 or 316 to the controller 308. In this 
embodiment, the test module 310, 312, 314 or 316 ampli?es 
and ?lters the irradiance signal to reduce frequency noise. It 
Will be recogniZed by one of skill in the art that this may be 
accomplished by any of a variety of means. For eXample, 
reduction in frequency noise may be achieved by converting 
a high impedance signal to a loW impedance signal With gain 
or any other suitable method. The irradiance signal is then 
transmitted to the controller 308 such that the controller 308 
may periodically adjust the ballast control signal to maintain 
the irradiance signal at a desired set point. The controller 308 
may alternatively, or additionally, include softWare to per 
form some or all of these functions. The ballast control 
signal may also be adjusted by the controller 308 based upon 
the current draW of the ballast. 
The ballast control signal is initially based upon a set 

point entered by an operator Which represents a desired 
irradiance Within the test chamber. In operation, the con 
troller 308 outputs a ballast control signal to the ballast 302 
based on the set-point. The test module 310, 312, 314 or 316 
senses the irradiance from adjacent light sources and trans 
mits the irradiance signal to the controller 308. The control 
ler 308 receives the irradiance signal from at least one of the 












